Background:
Methods:
We analyzed data from the Amsterdam Cohort Study among Drug Users, selecting participants recruited , injecting drugs before cohort entry and with records in at least three different six months intervals (N=740). We used latent class mixed models to identify distinct trajectories of injecting, multinomial regression to identify socio-demographic variables associated with those patterns and Kaplan-Meier analysis for the estimation of the corresponding cumulative HIV and HCV incidence.
Results:
Five distinct patterns for injecting frequency and for injecting since last visit were identified. Majority of participants (three groups, 69% of participants) had stable risk injecting behavior; the remaining displayed a decrease in injecting over time. Those with longer duration of injecting at cohort entry and those who entered the cohort in earlier years tended to have continuing high risk behavior. The HIV risk was highest among those with continuing high risk behavior and its changes over time mirrored the patterns of change in injecting in a group with decrease in injecting.
Conclusions:
Individual longitudinal patterns of changes in injecting behavior are related to socio-demographic and drug use variables and are reflected in the incidence of HIV infections. Understanding these associations might provide valuable information for targeted interventions.
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Introduction
Injecting drug users (IDU) may change their risk behavior in the course of their injecting career, either under the influence of harm reduction programs or for other reasons . Such changes will affect the risk of infectious diseases such as HIV and HCV, depending for example on frequency of infecting and sharing of syringes and needles . Young and recent onset injectors often display high levels of risk behavior and therefore put themselves at increased risk of contracting a blood borne infection, while older and more experienced injectors may present lower levels of risk behavior .
Longitudinal changes in behavior can be conceptualized as trajectories describing typical patterns of change during the injecting career. Ideally, one would like to predict the development of risk behavior over time from individual characteristics. Consequently, characterizing individuals in terms of typical behavioral trajectories and predicting the future development might provide valuable information for targeting interventions. The analysis to identify the corresponding patterns can be conducted using semi-parametric latent class growth modeling or finite mixture models . This methodology was applied in multiple research areas and distinct trajectories were described in relation to alcohol use , smoking , drug use in general and joint use of multiple drugs , and aggression, delinquency or social withdrawal .
Three studies addressed patterns of longitudinal changes in injecting over time using US samples of drug users .
Xie et al. found four different patterns of remission ( varying between treatment resistance and different levels of improvement) in a sample from the New Hampshire Dual Disorders study. Hser et al. used a two component modelling (use versus non-use and frequency of use among the users) and identified three trajectories of injecting frequency among narcotic addicts originally admitted to the California Civil Addict Program. In a more recent publication, Genberg et al. analyzed data from the ALIVE study in Baltimore and described five patterns of drug use cessation. All these studies demonstrated similar patterns among drug users in the USA, despite different samples and variation in analytical methods. However, patterns of change in injecting can depend on cultural settings, and it is not clear if the findings can be generalized to other populations. Further evidence from other countries is necessary to confirm existing observations. A study from Switzerland reported trajectories of drug use behavior over time, but using only two predefined categories: a difference between the first and last visit, and assuming constant behavior during all visits . Previous research also did not study associations between patterns of changes in injecting and the risk of attracting related infections which is the important public health outcome of injecting.
In order to assess patterns of changes in injecting frequency among IDU in a European population, we used data from the Amsterdam Cohort Study among Drug Users (ACS). We studied potential heterogeneity in patterns of change, and assessed how the different patterns of change were linked to individual characteristics of the participants, and whether they were associated with the incidence of HIV and HCV.
Methods

Data source
The ACS has been described extensively elsewhere . In brief, it is an open, prospective cohort study initiated to investigate the prevalence, incidence and risk factors of infections with HIV-1 and other blood borne and/or sexually transmitted infections, as well as the effects of interventions. Participants are invited to visit the Amsterdam Health Service every 4-6 months. At study entry and every visit, they give blood for HIV testing and storage; they also complete a standardized questionnaire about their health, drug use and sexual risk behavior, and socio-demographic situation. Participation in the ACS is voluntary, and written informed consent is obtained prior to data collection. The study was approved by the institutional review board of the Academic Medical Center in Amsterdam.
We initially included data of 1,175 IDU, who were recruited between April 1985 and November 2005 and had ever injected ('ever injectors') at cohort entry. However, for the analysis of pattern of change in injecting, we restricted the sample to 740 IDU with visits in at least three separate six-month time windows during the first 10 years since cohort entry. The dataset contained information on sex, age at cohort entry and age at first injection, needle sharing (ever) at cohort entry, the frequency of current injecting (in the last six months or since last visit) using eight categories: no injection, less than 1 day/month, 1 day/month, 2-3 days/month, once weekly, 2-6 days/week, once daily, and several times daily, and type of drugs preferentially used in last six months.
Statistical analysis
First, we described the sample in terms of socio-demographic variables, prevalence of HIV and HCV and drug use at study entry. Second, we assessed which time scale has the strongest association with injecting frequency: duration of injecting (which would indicate that the natural history of injecting is most important), year of entry in the cohort (indicating secular changes in the population of IDU) or time in the cohort (effects of participation in the cohort on behavior). In order to remove effects of drop out or differential censoring due to death, this analysis was restricted to a subsample of participants who had information about frequency of injecting in the time window of 4.5-5.5 years in the cohort (N=542). Initially, the original frequency of injecting variable was used and the results were visually inspected. For a formal analysis, frequency of injecting was dichotomized in different ways and in each case random effects logistic regression was used for analysis. In these models duration of injecting at cohort entry, year of entry in the cohort and time in the cohort were included as independent variables and dichotomized frequency of injecting at cohort entry and after five years as dependent variable, linked by participants` ID as random effects to link behavior at these two time points. This analysis was conducted with SAS macro %glimmix . In further analysis, time variable with the strongest effect (based on odds ratio) was used. Third, we used a growth mixture model to identify different patterns of changes in injecting behavior during the cohort time. Mixture models combine the features of longitudinal analysis and cluster analysis: groups with different average patterns of frequency of injecting over time are identified and their trajectories of changes in the frequency of injecting are described. The trajectories are described by polynomial functions and subjects are classified as belonging to a given group based on a summary measure describing deviation from the average trajectory for the group . The individual group membership is not fixed, but is estimated based on the highest probability of belonging to the given group. While the earlier versions of mixture models (latent class analysis models) did not allow for variation within groups, growth mixture models combine features of mixed and mixture models . In each run the number of distinct groups has to be specified, but the results for different numbers of groups can be compared by statistical criteria such as the Bayesian Information Criterion (BIC or adjusted BIC) . In typical applications with large datasets, even for a high number of groups there are significant improvements in BIC. Therefore, the decision about the number of groups should also consider the interpretation of the distinct groups. For information about quality of separation of the different classes we present posterior class membership probabilities and report the relative entropy measure . Since the outcome variable (frequency of injecting) was ordinal and the data points at which it was assessed were not evenly distributed, we used for the analysis the lcmm library in R . Fourth, we studied whether sociodemographic characteristics, HIV and HCV status and history of drug use at cohort entry can be used to predict the estimated group membership with regard to the trajectories applying chi-squared test for univariate and multinomial regression for multivariable analysis. Finally, we applied Kaplan-Meier life table analysis to assess the cumulative incidence of HCV and HIV infection since cohort entry for groups with different behavior as defined in the mixture model analysis.
Results
General characteristics and injecting frequency
About 64% of the 740 study participants in the final sample were males, 26% were HIV-positive and 85.5%
HCV-positive at cohort entry (among the 676 cases with known HCV status). Median age at cohort entry was 31.0 years (interquartile range (IQR): 27.2-36.1), and median duration of injecting at cohort entry was 8.6 years (IQR: 3.8-13.9). At cohort entry, 25.6% of the participants had not injected drugs in the last six months, 30.2%
were injecting less than once per month, 5.0% were injecting once per month, 30.0% were injecting on 2-3 days per month, 5.0% were injecting once weekly to once daily and 4.1% were injecting several times daily. For those who injected drugs in the last six months, in 54.8% cocaine and heroin were the injection drugs of choice in the last six months, in 17.2% heroin only, in 12.5% cocaine only, in 6.9.% amphetamine, in 4.0% methadone and in 4.5% the drug of choice was unknown. Among those 370 IDU who provided the related information at cohort entry, 65% had ever shared syringes. 52.2% of the total sample entered the cohort before 1990, 31.4% between 1990 and 1995 and the remaining 17.4% thereafter. Due to frequent drop outs over the first 10 years after cohort entry, the sample decreased in approximately linear fashion to about 44% of the initial sample size.
Importance of different time variables for the change in frequency of injecting over time
In the subsample of 542 IDUs for whom information between 4.5 and 5.5 years in the cohort was available, the likelihood of more frequent injecting increased with the duration of injecting before cohort entry, but decreased with the more recent year of recruitment for the cohort and over the time in the cohort (Table 1) . Based on the odds ratios, the effect of time in the cohort was about twice as large as the effect of year of recruitment; this was similar for other dichotomizations (data not shown). Therefore, the time in the cohort was chosen as time scale for the further analysis.
Patterns of change in injecting frequency over the time in the cohort
The analysis of trajectories describing the frequency of injecting suggested the existence of several distinct patterns. There was neither optimum in BIC nor in adjusted BIC up to seven groups (Table 2) . Based on the interpretability and previous research a five-group solution was chosen, this solution displayed adequate separation of groups with posterior probabilities between 88.6% and 97.0% and a high entropy value of 0.87 for ordinal frequency of injecting and posterior probabilities between 84.0% and 94.6% and entropy of 0.82 for dichotomized frequency of injecting. Figure 1a) illustrates the average injecting frequency in each group over time, with horizontal lines indicating thresholds between categories of the original question. Figure 1b) displays the full distribution of the frequency of injecting over time in each of the groups. In three groups frequency of injecting was approximately stable over time: rare to no injecting (group 4: n=169, 22.8%), constant daily or several times daily injecting (group 1, n=112, 15.1%) and variable injecting (group 5: n=137, 18.5%). Two trajectories displayed a downwards trend -a slow downwards trend in every 2 nd day and less frequent injecting (group 3: n=233, 31.5%) and a faster trend in the decrease in injecting (group 2: n=89, 12%) which ended in nearly no injecting after 6 years.
Similar different patterns were found for the probability of having injected since the last visit (Figure 2 a and b) .
In three groups, the probability of injecting did not change much over time. One group (low probability of injecting, group 5: n=156, 21.1%) started with a low probability of injecting and over time the probability slightly decreased further. Another group oscillated around a 50% probability of injecting (stopping and starting, group 4, n=112, 15.1%). The largest group (high probability of injecting, group 2: n=286, 38.6%) had a constant probability of having injecting close to 100%. Two groups displayed patterns of strong decrease in the probability of injecting over the time in the cohort (early decrease, group 3: n=95, 12.9% and late decrease, goup 1: n=91, 12.3%).
Joint analysis of frequency of injecting and injecting since last visit provided further insights. Among those with rare to no injecting the largest was the group with low probability of injecting (Table 3) . On the other hand, most of those with constant daily or several times daily injecting were also in the group with high probability of injecting. The group with decrease in frequency of injecting over time consisted of IDU with early and late decrease and with high probability of injecting. As could be expected, the group with variable injecting was mostly in the group of starting and stopping.
Patterns of change in injecting and socio-demographic characteristics or the risk of HIV and HCV
While several point estimates differed from 1, most of the association between patterns of change in injecting frequency and socio-demographic or behavioral characteristics lacked significance (Table 4) . Longer duration of injecting before cohort entry decreased the probability of belonging to the groups with no or rare injecting and decrease in injecting. More recent year of cohort entry was associated with a higher probability of no or rare injecting and variable injecting. The findings for injecting since the last visit were similar (data not shown).
Across the patterns of change in injecting, there were differences with respect to the HIV free survival (Table 5 ).
The HIV incidence was lowest in the group with rare to no injecting, followed by decrease in injecting group.in which all infections occurred during the reduction phase and before the no-injection state was reached (data not shown). In groups with continuing high exposure the incidence was higher. Since the analysis of incident cases was restricted to those who were negative at the cohort entry, the sample was too small to generate meaningful estimates for HCV incidence.
Discussion
The purpose of this study was to assess the association of longitudinal patterns in injecting behavior and sociodemographic data and their relationship with the risk of HIV and HCV infection. Based on the ACS data, we identified five patterns of change in injecting frequency over time in the cohort. These patterns displayed associations with socio-demographic variables on the one side and with the incidence of HIV on the other side. The variables with strongest association with patterns of change in injecting over time were duration of injecting at cohort entry and year of cohort entry. Effects of duration of injecting at cohort entry suggest specific natural history of injecting. In contrast, effects of year of cohort entry can be related to differences between cohorts (cohort effects) or changes in the environment (period effects). The dominating pattern was a stable frequency of injecting with only a marginal decrease over time. This is consistent with an earlier analysis of ACS data demonstrating that the transition to abstinence occurred rarely . However, there were groups which displayed a reduction in injecting over the time in the cohort. Most interesting is the pattern of a strong decrease in the frequency of injecting during the first three years in the cohort. Although it has to be kept in mind that this group was particularly small (only 12%), if future research could demonstrate the reasons behind the observed reduction, this could possibly be used to design more effective intervention strategies.
Our findings on trajectories of change in injecting agreed well with observations from IDU cohorts in the USA.
For example, in the study by Xie et al. three of four groups displayed stable probability of substance use: close to zero (22.5%), close to 50% (21.4%) and close to 100% (25.2%), similar to our findings. The fourth group (31% of the sample) displayed a change from 100% to 0% over the period of 10 years. While we identified two trajectories of decrease -an early and late -the sum of these subgroups was 43.5%, very similar to the decrease trajectory found by Xie et al. . Also the remaining fractions were similar. Hser et al. identified three trajectories of injecting frequency: 1) consistent high level of use, 2) late decelerated group, among whom a subgroup of non-users was increasing after 10 years since initiation of use and those not quitting continued frequent use, and
3) "early quitters" who decreased their use within three years. The participants in this analysis were contacted only three times and data was constructed from retrospective interviews, which is different from our prospective cohort approach with regular follow-up. However, also in our analysis the pattern of reduction in injecting frequency resulted from both: reduction in frequency of injecting among those who continued injecting and increase in the fraction of those who stopped injecting. Also the five trajectories for probability of injecting described by Genberg et al. displayed a very similar picture to ours and the percentages within each group were similar to our results. In general, the agreements between our findings from the Netherlands and previous studies from the USA point towards possible universality of observed patterns despite cultural differences and different organization of efforts to reduce burden of injecting drug use.
An interesting aspect is the question whether and how participation in the observational study affects the behavior with regard to injecting. Initially, we conceptualized the analysis as an assessment of the natural history of injecting among drug users, under the premise that ACS is mainly observational. In such a case, the main time variable for changes should be the individual duration of injecting. During the analysis, it became increasingly clear that entry into the cohort marked a special point, at least for part of the participants. This could be due to the contact with harm reduction services that influence injecting, e.g. methadone treatment.
Obviously, a lower frequency of injecting is associated with a lower risk for HIV -this is also likely to be the case, when frequency of injecting is decreasing over time, as confirmed in our analysis, but the numbers are too small to allow detailed interpretation.
Limitations
There are several limitations. First, our IDU population might not be representative, and the patterns of change might not be generalizable to other populations of IDU. Second, self-reported risk behavior can be subject to social expectation bias. If the strength of this bias evolved over time in cohort due to repeated contact with the service providers involved in the interviews, then this could be the cause of decrease in injecting frequency rather than a "true" risk reduction. However, it was previously demonstrated that drug users are able to give valid self-reports in the ACS where social desirability does not play a role since no illegal or embarrassing situation is involved and there are no sanctions .
There are also some limitations related to the statistical methods. While the three degree polynomials provide substantial flexibility, it might not be the best choice for the described process. If a subject changes frequently between high and low frequency of injecting within short time periods, these rapid fluctuations will be treated in the analysis as random error around an average trajectory. In reality, they could reflect an additional pattern of injecting frequency and possibly the degree of variability could be an additional dimension describing the typology of behavior. Further analyses, also informed by qualitative research in IDU should assess the existence of such patterns.
Our analysis was also restricted in terms of sample size, which was particularly pronounced in the analysis considering incidence of HIV and HCV. Further limitation of sample size resulted from missing information for some of the variables from a substantial fraction of the participants.
Conclusions
We demonstrated the existence of distinct longitudinal patterns of changes in drug use in the ACS that correlate with the risk of acquiring HIV infection. The majority of IDUs in the cohort had stable risk behavior, but there were also groups in which injecting decreased over time. The patterns were similar to those observed in previous studies among IDUs in the USA, which suggest some universality of such patterns despite cultural differences.
Group membership was associated with duration of injecting before cohort entry and time of cohort entry. While the analysis presented here was limited to one risk factor, namely frequency of injecting, future analyses can jointly include several risk factors. This opens up the possibility of identifying risk profiles, linking them to demographic and socio-economic determinants, and analyzing their impact on the risk of acquiring infection.
Intervention efforts can then be targeted to specific risk profiles, and timing and intervention aims can be improved. Also, targeted research may be conducted to gain insight into why individuals in some groups change their risk behavior whereas those in other groups continue the same level of risk taking for many years. 
